Objective To estimate the financial resources required to achieve the 2015 targets for global tuberculosis (TB) control, which have been set within the framework of the Millennium Development Goals (MDGs). Methods The Global Plan to Stop TB, 2006-2015 was developed by the Stop TB Partnership. It sets out what needs to be done to achieve the 2015 targets for global TB control, based on WHO's Stop TB Strategy. Plan costs were estimated using spreadsheet models that included epidemiological, demographic, planning and unit cost data. Findings A total of US$ 56 billion is required during the period 2006-2015 (93% for TB-endemic countries, 7% for international technical agencies), increasing from US$ 3.5 billion in 2006 to US$ 6.7 billion in 2015. The single biggest cost (US$ 3 billion per year) is for the treatment of drug-susceptible cases in DOTS programmes. Other major costs are treatment of patients with multiand extensively drug-resistant TB (MDR-TB and XDR-TB), collaborative TB/HIV activities, and advocacy, communication and social mobilization. Low-income countries account for 41% of total funding needs and 65% of funding needs for TB/HIV. Middle-income countries account for 72% of the funding needed for treatment of MDR-TB and XDR-TB. African countries require the largest increases in funding. Conclusion Achieving the 2015 global targets set for TB control requires a major increase in funding. To support resource mobilization, comprehensive and costed national plans that are in line with the Global Plan to Stop TB are needed, backed up by robust assessments of the funding that can be raised in each country from domestic sources and the balance that is needed from donors.
Introduction
Tuberculosis (TB) is a major global health problem, with an estimated 8.6 million new cases and 1.6 million deaths from TB in 2005. 1 It is a leading cause of adult mortality in low-and middle-income countries, ranking third after HIV and ischaemic heart disease as a cause of death among those aged 15-59 years.
2 Following the identification of extensively drug-resistant TB (XDR-TB) in more than 30 countries since 2006, multidrug-resistant TB (MDR-TB) and XDR-TB have recently become a particular focus of international concern. 3 Alongside child mortality, maternal and infant mortality, HIV and malaria, TB is one of five global health issues included within the eight Millennium Development Goals (MDGs) defined by the UN in 2000, and for which targets for 2015 were set (available at: http:// www.un.org/millenniumgoals). Targets and indicators for TB are included under MDG 6, which is to "combat HIV/ AIDS, malaria and other diseases". Using the framework provided by the MDGs, WHO and the Stop TB Partnership have set targets for global TB control for 2015 as well as for 2050. [4] [5] [6] The MDG, WHO and the Stop TB Partnership targets for 2015 are as follows: (i) to halt and reverse incidence; (ii) to halve prevalence and mortality rates compared to their level in 1990; (iii) to detect at least 70% of infectious cases; and (iv) to successfully treat 85% of the infectious cases that are detected.
The Stop TB Partnership was founded in 2000 and, by 2006, consisted of over 400 partners including international and bilateral agencies, high TB-burden countries and nongovernmental organizations, with a secretariat housed in WHO. One of the first major initiatives of the partnership was to develop a Global Plan to Stop TB for the period 2001-2005. 7 This plan was to provide a framework for national and international efforts to make progress in global TB control, and its major objectives were to achieve the two global targets set by the World Health Assembly for 2005, i.e. to detect 70% of sputum smear-positive cases of TB and to successfully treat 85% of such cases. Estimates of the financial resources required for the period [2001] [2002] [2003] [2004] [2005] , totalling US dollars (US$) 6 billion, were produced. 8 With accelerated progress notable from 2003 onwards, the 2005 targets were almost achieved globally, with a 60% case detection rate and an 84% successful treatment rate. 1 Building on the first Global Plan for TB Control, the coordinating board of the Stop TB Partnership called for the development of a second global plan in October 2004, this time to cover the 10-year period leading up to the MDG target year of 2015. The plan was to be designed to achieve the MDG, WHO and Stop TB Partnership targets set for 2015. A Global Plan study team consisting of a core team of experts from WHO and the secretariats of the seven working groups that make up the Stop TB Partnership was established to develop the plan, to assess the funding required to implement it and to forecast its likely epidemiological impact. 9 As part of a series on the costs of achieving the health-related MDGs, 10 this paper presents the estimates of the financial resources required for TB control that were prepared for the Global Plan to Stop TB, 2006 -2015 including an update that was made to the MDR-TB and XDR-TB component of the plan in mid-2007. 3, 6 
Methods
Full details of the methods used to produce the cost estimates included in the Global Plan to Stop TB, 2006 -2015 have been published elsewhere. 1, 6, 9, 11 Here, we provide an abbreviated explanation of the key methods.
Consistency with cost estimates for other health-related MDGs
High priority was given to ensuring consistency with cost estimates for other health-related MDGs. At the outset, discussions were held with the coordinator of the WHO-CHOICE (CHOosing Interventions that are Cost-Effective) team. WHO-CHOICE comprises a set of methods for conducting cost and cost-effectiveness analyses, supported by: (i) a generic (not disease-specific) epidemiological model; and (ii) databases of generic (not disease-specific) unit prices and expected resource use for 14 epidemiological subregions (and, in some instances, individual countries). The WHO epidemiological subregions are listed at: http:// www.who.int/choice/demography/ regions. We made extensive use of the generic WHO-CHOICE databases (e.g. for unit prices of hospital bed-days and clinic visits). We replaced WHO-CHOICE data only when we had access to what we considered to be better data, i.e. data that were TB-specific and country-specific. Similarly, we used an epidemiological model developed specifically for TB, 12 in preference to the generic population model developed for WHO-CHOICE. For TB/ HIV-related interventions, we worked closely with the Joint United Nations Programme on HIV/AIDS (UNAIDS) and the WHO-CHOICE team that contributed to the UNAIDS estimates to ensure consistency in the methods and data used. This was particularly the case for antiretroviral treatment (ART), for which UNAIDS provided countryspecific estimates of the costs of ART and projections of the number of TB patients that would be started on ART to achieve the target of universal access to treatment by 2010. All costs associated with TB/HIV interventions (e.g. antiretroviral drugs and use of general health-system staff and infrastructure required for ART) were included. Importantly, however, the costs of ART for HIV-positive TB patients were considered for six months only, i.e. the maximum period during which TB and ART overlap. For this reason, the costs presented in this paper may seem surprisingly low compared to those estimated for HIV prevention, care and treatment as a whole. Finally, we excluded the resources required for research and development related to new TB drugs, diagnostics and vaccines, which have been estimated at US$ 11 billion globally for the 10-year period 2006-2015. 3,6 Countries considered A total of 171 countries that collectively accounted for 98% of global TB cases in 2004 were considered. These countries were grouped into seven epidemiological regions.
6 Countries classified by the World Bank as established market economies and countries in central Europe were excluded, due to their relatively low burden of TB and the assumption that TB control can be fully funded from domestic resources.
Interventions considered: the Stop TB Strategy
From the mid-1990s until 2005, the internationally recommended strategy for TB control was known as DOTS. 
Type of costs considered
Costs were considered from a provider perspective in US dollars and covered: (i) costs incurred at the level of direct patient care (e.g. drugs, laboratory tests, days spent in hospital); and (ii) costs associated with activities undertaken at subnational (i.e. district, province) or national level that are not directly linked to individual patients (e.g. management and supervision activities, training, recording and reporting of data). These costs are termed "patient" and "programme" costs respectively in WHO-CHOICE. 15 Costs were assessed from a financial rather than an economic perspective, i.e. the focus was on costs that need to be paid for, with the full cost of any capital items (e.g. laboratory equipment) allocated to their year of purchase. Inflation was assumed to be 3% per year.
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Details regarding the costs considered are provided in Table 1 (column 4).
Analysis of total costs by year
The total cost of each intervention was calculated for each year during the period 2006-2015 using the ingredients approach, 17 i.e. total costs were calculated as the quantity of an intervention that is required in each year multiplied by its unit price.
The quantities of each intervention required (e.g. number of patients treated, number of units of 500 000 population covered) were estimated within Excel (Microsoft Corporation, Seattle, WA, United States of America) spreadsheet models.
9 These models included epidemiological, demographic, planning and unit cost data as inputs. In combination with an in-built epidemiological model of TB 12 that was adapted for the purposes of the Global Plan, 18 these inputs were converted into five major kinds of output or impact indicators: (i) the total number of TB patients to be treated; (ii) the total number of individuals benefiting from an intervention; (iii) the total size of population covered by an intervention; (iv) the total costs for each major intervention and all interventions combined; and (v) the total number of TB cases and deaths. Demographic inputs including projections up to 2015 were based on UN Population Division data.
If we expected costs to be directly related to the number of patients treated, unit costs were defined on a per patient basis. For costs incurred at subnational level that were not expected to vary in direct proportion to the number of patients treated, unit costs were defined for a population of 500 000 people, which corresponds to the size of the basic administrative or planning unit in many countries. For costs incurred only at national level that are not expected to vary with the number of patients treated, unit costs were defined per country. Gross national income per capita was used as the basis for extrapolating costs from countries for which unit cost data were available, to countries for which unit cost data were not available. The definition of unit costs for each intervention, as well as sources of data, [19] [20] [21] [22] [23] [24] [25] [26] are shown in Table 1 (columns 5 and 7). Total and incremental costs for TB control were also converted into per capita amounts and compared with annual government health expenditure per capita.
Incremental costs
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Findings
The total funding estimated to be required for TB control during the period 2006-2015, both in total and for major interventions, is shown in Fig. 1 . The total funding required over 10 years is estimated at US$ 56 billion, increasing from US$ 3.5 billion in 2006 to US$ 6.7 billion in 2015. Almost all of this funding -US$ 52 billion -is required for implementation of recommended interventions at country level. The remainder of almost US$ 3.8 billion (7%) is needed for international agencies to provide technical assistance to national TB programmes. The single biggest cost is for diagnosis and treatment of new cases of drug-susceptible TB in DOTS programmes, which amounts to around US$ 3 billion each year (first two parts of the bars in Fig. 1 ). Of this US$ 3 billion, about US$ 2 billion is for funding that would be channelled through NTP budgets, while the remainder represents funding required for diagnostic tests, hospitalization and outpatient visits provided within the general health care system and funded via general health care budgets. The other major costs are for the newer elements of TB control: (i) diagnosis and treatment of MDR-TB and XDR-TB; (ii) collaborative TB/HIV Fig.  2 and Fig. 3 . Overall, across 10 years, the least-developed and low-income countries account for US$ 22 billion (41%) of total costs (Fig. 2) and for most of the costs associated with collaborative TB/HIV activities (Fig. 3) . Costs increase steadily over time, rising from US$ 0.6 to US$ 1.2 billion per year in the least-developed countries and from US$ 0.7 to US$ 1.5 billion per year in other low-income countries (Fig. 2) . Lower and upper middle-income countries account for more than 50% of total costs (US$ 15 billion for both sets of countries over 10 years); these countries also account for 72% of the funding required for the treatment of MDR-TB. Results are similar when countries are classified according to the scheme used by the Commission on Macroeconomics and Health (data not shown).
Africa is the epidemiological region with the largest funding needs and where the biggest increase in funding is required, followed by South-East Asia (Table 2) . On a per capita basis, the increase in funding needed for TB control in Africa is equivalent to an 8% increase in existing government health care expenditure, a 4% increase in South-East Asia, and an increase of around 1% in Eastern Europe. In contrast, the per capita increases in government health expenditure that would be needed in Latin America, the Eastern Mediterranean and the Western Pacific are fractions of 1%. ACSM, advocacy, communication and social mobilization; DOTS, a strategy for TB control; NAP, national AIDS programme; NTP, national TB programme; TB, tuberculosis. a Amounts include allowance for inflation at 3% per year. In real terms, total costs over 10 years would amount to US$ 49 billion, rather than US$ 56 billion. Annual costs rise in real terms from about US$ 3.5 billion per year in 2006 to around US$ 5.2 billion in 2015. b NTP budget items -all costs described in the row for DOTS expansion in Table 1 , excluding diagnostic tests, hospital admissions and outpatient visits in general (multipurpose) primary health care services.
Discussion
Summary of major findings
by international agencies with expertise in TB control. Of the interventions to be implemented, diagnosis and treatment of new cases of drug-susceptible TB in DOTS programmes accounts for the largest costs (almost US$ 30 billion), but it is the newer components of TB control, such as collaborative TB/HIV activities and in particular treatment of drug-resistant TB, that are responsible for the big growth in costs over time.
Around US$ 22 billion of the required funding is for low-income countries, while Africa is the region in which the largest absolute and relative increases in funding are needed.
Strengths
The analytical work behind these numbers has several strengths. It used financial data that are routinely reported to WHO on an annual basis by around 90 countries that collectively account for 90% of global TB cases, 1, 19 and the WHO-CHOICE database, which includes unit cost estimates for hospital bed-days and outpatient visits for all countries based on standardized methods and a thorough review of the available evidence. well-established model of the epidemiology of TB. 12 The interventions considered were based on a widely endorsed and up-to-date strategy. There was close collaboration with UNAIDS on the TB/HIV estimates and with other departments in WHO to ensure consistency with the costing methods used to produce price tags for other health-related MDGs.
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Limitations
As with all estimates of this kind, several limitations need to be acknowledged. The epidemiological projections, which indicate 5-6% per year reductions in TB incidence in some regions, may be overoptimistic. Recent data for Asia suggest that reductions in practice may be more modest, for reasons that are not fully understood. 28 This means that costs may have been underestimated, particularly those for treatment in DOTS programmes (many of which are directly related to trends in TB incidence). If incidence rates remain stable and do not decline as projected in the Global Plan, costs for DOTS implementation could be US$ 6 billion higher over 10 years. The evidence on unit costs for collaborative TB/HIV activities, MDR-TB and XDR-TB treatment and ACSM was limited to a few countries. Costs for strengthening health systems as a whole, such as training costs for adding to the existing stock of health workers, improved salaries or staff incentives, and building new infrastructure, all of which need to be budgeted for an entire system rather than for TB control specifically, could not be included. Related to this, it remains to be seen whether the scaling-up envisaged in the Global Plan can be realized should full funding become available, given health-system and non-financial barriers to progress, especially in the context of the ambitious targets set for TB/HIV and diagnosis and treatment of MDR-TB and XDR-TB. Information collected by WHO on an annual basis about implementation of different components of TB control will enable periodic revision of the cost estimates to allow for progress in practice. New information on costs and revisions to estimates that were used as inputs in the original Global Plan analyses (e.g. demographic projections or HIV prevalence rates among TB cases) will also necessitate periodic revision of the cost estimates. This paper has focused on the funding required for TB control, without including an analysis of what funding is available, the size of the funding gap, and how funding gaps could be closed. The Global Plan itself does include projections of funding, using the assumption that funding from domestic and donor (excluding the Global Fund) sources will be sustained at 2005 levels in real terms (in financial terms, this means funding will increase only in line with inflation) and then adding on funding commitments announced by the Global Fund in rounds 1-5. 11 The resulting financial gap of US$ 33 billion is, not surprisingly, almost identical to the cumulative incremental costs of US$ 32 billion presented in this paper. What remains to be done is an assessment of how the funding gap can be closed. Based on the Commission on Macroeconomics and Health's analysis of resource mobilization potential (middle-income countries could fund all, or almost all, of their health care from domestic sources while the leastdeveloped countries would need donor support to fund about 50% of their resource requirements), 29 a rough indicative figure for the funding needed from donors would be about US$ 1 billion per year.
Implications and next steps
Given the limitations we have identified, the figures presented in this paper should be seen as approximate estimates. To produce more accurate figures, the Global Plan to Stop TB needs to be converted into concrete countryspecific plans and budgets. WHO has developed a tool that is designed to help planning and budgeting at country level in line with the Global Plan and the Stop TB Strategy (available at: http://www.who.int/tb/dots/planning_budgeting_tool/en/index.html) and this is now being used in several countries, notably in the African region. Assessment of how the necessary resources can be mobilized should be done alongside plan development, to produce better estimates of the financing that can be raised from domestic sources and the balance needed from external donors. This will vary according to a country's income level, existing government health care expenditure per capita and the burden of TB relative to the size of the population. The data we have presented suggest that donor funding is likely to be most needed for DOTS implementation and collaborative TB/HIV activities in low-income African countries.
Conclusion
Achieving the MDG, WHO and Stop TB Partnership targets set for TB control for 2015 requires a major increase in funding for TB control. To assist resource mobilization efforts, it is now essential to produce more precise country-bycountry assessments of resource requirements, backed up by analysis of the share of funding that can be raised in each country from domestic sources and the balance that is needed from donors. 
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Resumen
Recursos financieros requeridos para controlar la tuberculosis a fin de alcanzar las metas mundiales fijadas para 2015
Objetivo Estimar los recursos financieros necesarios para lograr las metas de 2015 establecidas en el marco de los Objetivos de Desarrollo del Milenio (ODM) para la lucha mundial contra la tuberculosis.
Métodos La alianza Alto a la Tuberculosis trazó el Plan Mundial para Detener la Tuberculosis 2006-2015, en el que se exponen las medidas que deben adoptarse para alcanzar las metas de 2015 referentes al control mundial de esa enfermedad con arreglo a la estrategia de la OMS Alto a la Tuberculosis. El costo del plan se calculó utilizando hojas de cálculo con modelos que incorporaban datos epidemiológicos, demográficos, de planificación y sobre los costos unitarios.
Resultados Se necesitan en total US$ 56 000 millones para el periodo 2006-2015 (93% para los países con tuberculosis endémica, 7% para los organismos técnicos internacionales), aumentando progresivamente desde US$ 3500 millones en 2006 hasta US$ 6700 millones en 2015. La mayor partida (US$ 3000 millones anuales) corresponde al tratamiento de los casos sensibles a los medicamentos en los programas de DOTS. Otros costos importantes son los asociados al tratamiento de los pacientes con tuberculosis multirresistente y extremadamente farmacorresistente (TB-MDR y TB-XDR), las actividades de colaboración en materia de tuberculosis/VIH, y la promoción, comunicación y movilización social. Los países de bajos ingresos representan un 41% de la financiación total necesaria y un 65% de las necesidades de financiación para combatir la coinfección tuberculosis/VIH. Los países de ingresos medios absorben el 72% de la financiación necesaria para tratar la TB-MDR y la TB-XDR. Los países africanos son los que necesitan un mayor esfuerzo de aumento de la financiación. Conclusión El logro de las metas mundiales de control de la tuberculosis establecidas para 2015 exige un incremento considerable de la financiación. En apoyo de la movilización de recursos, se requieren planes nacionales amplios y presupuestados que estén en consonancia con el Plan Mundial para Detener la Tuberculosis, y que cuenten con el respaldo de estudios sólidos sobre los fondos que puedan obtenerse en cada país a partir de fuentes nacionales y de la aportación adicional requerida de los donantes. 
